In this work, we describe our attempts to model the response of a structural composite bulkhead subjected to fire loading conditions. Measured in-plane and out-ofplane responses are compared with those predicted using a finite element analysis with temperature dependent material properties. Deficiencies in the modeling effort are discussed.
INTRODUCTION
Entities such as the U.S. Navy seek to apply new materials systems to structures in the hopes of reducing weight (top-side) and gaining corrosion resistance. With the introduction of these new material systems come concerns regarding their response to fire. This paper addresses some of the issues relevant to the structural response of fiber reinforced polymer composite sandwich structures with balsa cores subjected to fire exposure. These materials might be utilized in Navy deck house such as floors and bulkheads. We seek in this developing program to understand the physics of f.re damage in E-glass/vinyl ester material systems as combined with balsa cores. Ultimately we seek to develop an understanding of how these fundamental 1 Presently at the University of Connecticut; Storrs, CT phenomena influence structural performance under fire exposure.
The main feature of our current effort is the accurate combination of all aspects of the thermal and structural problem. Thermal boundary conditions resulting from a fire simulation (FDS) are used to define the residual thermal-mechanical-damage response of the material, and therefore the structural capacity during and post fire can be predicted using the ANSYS analysis.
As many of the individual scientific tools exist in some degree of completeness the primary obstacles arise from:
• Fundamentally describing the evolution of material properties as the FRP is exposed to a heat flux history, in particular including the ο Evolution of stiffness, thermal conductivity, thermal diffusivity, and heat capacity as a function of temperature ο Change in the compression laminate strength as a function of time when subjected to a sustained compressive load and one sided heat flux ο Influence of creep phenomena in the evolution of strength and global stiffness ο Evolution of laminate properties when irreversible damage and ablation occur.
• Combining the property evolution with a structural modeling package so as to assess structural integrity under non-uniform thermal and mechanical conditions
• Integrating structural analysis and fire simulations in a manner that will allow for design and visualization of the problem.
In the present paper we describe our ongoing efforts at addressing these obstacles. In order to do so, we must recognize that many physical, thermal and mechanical properties of polymer matrix composites change as the temperature is increased. This material evolution becomes a great concern in naval applications because of the high threat of fires and the high numbers of lives that are at risk on board the ships. A design must be developed that not only lowers the weight of the structure but still provides the same levels of safety and survivability for the ships crew during on board fire conditions.
To be able to develop such a complete design many material effects must be accounted for with precision and accuracy. The complete design is really a compilation of many separate but related fields of research. Fire dynamics simulation, material property evolution, creep compliance and strength predictions as well as structural/thermal modeling must all be successfully tied together to create a comprehensive design method. Following is a more detailed description of each field of research currently under development.
MATERIAL PROPERTIES

Evolution of Material Properties with Temperature
There is limited availability of thermo-physical properties as a function of temperature. Table 6 Composite Mechanical Properties Gl2(T)
Glass-Vinyl Ester Composite
Temperature ( 
Compression Strength Response
The mechanical response of a vinyl ester/glass composite exposed to a constant heat flux and
Evolution of Glass/Vinyl Ester Creep Phenomena for Strength & Stiffness
The compression response of composites subjected to one sided simulated fire exposure discussed above ignored irreversible and time dependent behavior (creep) of the composite. We have begun an effort to examine the creep behavior of the E-glass/510A
composite. In particular, we are interested in the creep response at high temperatures (above the T g ) and those that introduce nonlinear viscoelastic effects. This will extend the usefulness of the mentioned compression mechanics prediction of thermal-mechanical loading.
The compression strength predictions will be augmented with creep effects to describe the composite material's ability to support load under fire conditions.
We have chosen to focus our initial effort on characterizing the dominant creep effects which arise from off axis plies. In so doing we will examine first the shear creep response of the E-glass/Derakane 51 OA as produced from VARTM.
Experimental
Prior to creep testing, we must understand the strength of these various laminates at elevated temperatures so as to properly select the loads for the creep tests. Thus, we have developed a facility for manufacturing VARTM laminates. To the date of this report, three panels of a [±45]2S composite have been made: Derakane 51 OA and Saint-Gobain/Vetrotex 24 oz./yd 3 Ε-glass woven roving, using the VARTM process. Tension testing was performed on a 20 kip MTS servo-hydraulic load frame fitted with an environmental chamber enclosing both specimen and grip mechanism.
Results
Tension tests were performed at temperatures of (   Table 8 ). In addition to the characterization of shear yield using plasticity characterizations we have evaluated shear yield using the convention 0.2% strain offset (also included in Table 8 ). The values obtained for the yielding stress by fitting show the same variation as the experimental data. It was observed that the Ramberg-Osgood equation was not able to fit the two curves at 150-C or predicted that they were both nonlinear from the start. Associates. To date the calculated temperature boundary conditions from FDS seem to be in better agreement with experimental data than the calculated heat flux boundary conditions. For that reason most of the work was done using the temperature boundary conditions as the thermal inputs into ANSYS, but both boundary types can be used in required. What follows is a discussion of a first attempt to model the structural bulkhead fire test to predict temperature profiles and out of plane deflection.
Fire Simulation Integration
Test Data -177HA1
A 9ft. χ 14 ft. interior bulkhead with stiffeners was loaded (top edge 6000 lbs./ft.) and exposed to a UL Black -stiffener, Red -bulkhead.
Model
The finite element model produced in ANSYS is slightly simplified from the true geometry. Specifically, the wedge of balsa/composite at the connection between the bulkhead and the stiffener is not included. This is done to reduce the number of elements in the model and The results from the two dimensional joint model were similar to those of the stiffened bulkhead model.
The reason for the differences between the measured temperatures at the two locations within the structure remains unknown.
The displacement at the center of the structure is shown in Figure 10 . Again, there is some difference between the magnitude of the measured and the model results however the shape/trend and direction appear to be comparable. Figure 11 shows the out-of-plane displacement as a function of time.
Summary and recommendations
This initial attempt to model a simple geometry under uniform conditions while not complete demonstrates that structural fire modeling is possible given accurate information on material property evolution. In addition, we require a better understanding of thermal boundary conditions. 
